A computer programme 'PolyCut' has been written to assist mass spectrometry-based bioinorganic studies via top-down and bottom-up approaches in positive and negative ion modes. PolyCut is designed to cope with metalloproteins, metallo-polymers and biomolecules with heavy element(s) as one (or more) of the charging agents at defined but different oxidation states. It does automatic assignment by considering the entire experimental and simulated isotopic patterns of an ion rather than reading only the mono-isotopic and average m/z values (and/or mass values). The calculation of chemical formula and the simulation of isotopic pattern for an ion at various charge states require PolyCut to be informed of the user-defined elements, the user-defined abundance of isotopes for each element, the user-defined oxidation state of an element, the user-defined residues and sequence of a polymer, and the user-defined fragmentation (or digestion). The programme successfully assisted MS n studies of two copper proteins coordinated to platinum(II) centres (a functional group possessing an intrinsic positive charge rather than a neutral organic modification), published as J. , 946-954; and [more]. Besides polypeptides, polynucleotides and polysaccharides, PolyCut can be extended to other polymers using user-defined monomer residues. For the metallo-community.
dissociation.

Introduction
The latest TOF, FT-ICR and Orbitrap mass spectrometers feature extremely fast acquisition rates, combined with both high accuracy and resolution. Complex biomolecules often generate a large number of well-resolved isotope patterns derived from multiple fragmentation or digestion sites. Consequently, fast acquisition of data means that tedious and time-consuming visual analysis of their (tandem) mass spectra constitutes the rate-determining step in MS n -based studies of metalloproteins. However, a rich variety of MS software (free, commercial or provided on online workstations) is currently available for automatic analysis. A listing is given in Appendix 3.1.
Close examination of the listed softwares reveals that all programmes utilise the lightest isotope of a given element, disregarding all other heavier isotopes. In addition, the so-called 'mono-isotopic' species generated in this way from an isotope pattern is searched in an experimental (tandem) mass spectrum, ignoring all possible hetero-isotopic species. The user is responsible for ensuring that the 'mono-isotopic' species in the experimental isotope patterns is present at reasonably high relative abundance. The m/z spectrum will be 'de-isotoped' (figure 3.1) to have isotope peaks removed and converted to a numerical list called a 'mass list' of m/z values or masses of all mono-isotopic species so that an amino acid residue, a peptide sequence or a fragment is linked to a single datum only [Proteomics 2003, 3(8) , 1597-1610; Anal. Chem. 2004, 76 (8) , 2220-2230.] . Information on the abundances (i.e., the Y-axis parameter in the m/z spectrum) is lost. [More] . The softwares listed in Appendix This paper introduces a new programme called 'PolyCut' to overcome the difficulties discussed above.
Experimental
Materials
Chemicals, enzymers, solvents, etc.
Samples
Define denaturing and non-denaturing conditions. Protease-digested samples.
Mass spectrometry
Machines, ESI-TOF & FTICR experiments.
Analytical basis of the programme 'PolyCut'
PolyCut is coded using Microsoft ® Visual Basic 2010. (2) The symbols and the molecular formulae for the monomer residues in a polymer. It may be applied to a polypeptide, polynucleotide, polysaccharides or any molecular ion that may be fragmented/digested by any means as soon as the isotope peaks in the detected isotope patterns are resolved below 50% of the isotope peak height (figure 3.3) (this is th definition of a peak: if above 50%, the entire isotope pattern is treated as a single Command 'cidfrag': to make one cut only in the single sequence within a pair of adjacent residues specified in the Pattern column.
Command 'split': to make multiple cuts in the single sequence within pairs of adjacent residues specified in the Pattern column, with missing cuts not being allowed.
Command 'digest': same as Command 'split', but with missing cuts allowed.
Command 'attach': to add a functional group to specific residue(s) specified in the Pattern column. In accordance with the above user-defined primary settings, PC simulates isotope patterns of all theoretical fragmented/digested ions at all user-defined charge states in the Centroid mode. It imports a .txt file containing data points on m/z (X-axis) and absolute intensity (Y-axis) exported for a (tandem) m/z spectrum acquired by any mass spectrometers and their acquisition softwares in Profile (Gaussian) mode. PolyCut defines the m/z value of a detected isotope peak as the m/z at the mid-width of the peak at half-height (figure X). The defined m/z may fall between the those of two adjacent exported data points that shape the peak. In this case PolyCut picks their average value as the m/z value of the isotope peak. The accuracy of the defined m/z value depends on the exported precision (i.e. the number of exported decimal places) and the exported frequency of the data points that shape the isotope peak.
Results and discussion
Capability of programme PolyCut
To make assignments, PolyCut firstly searches for the detection of the most abundant simulated isotope peak in the imported m/z spectrum, disregarding whether that peak is a mono-isotope or not. The peak is regarded as detected if its simulated m/z value falls within the m/z range covered by the width of an experimental isotope peak at its half height.
Secondly, PolyCut overlays the entire experimental isotope pattern against the simulation and examines all other detected isotope peaks according to user-defined limits to the errors in the m/z values and in the relative intensities referenced to the simulation.
PolyCut expedites the analysis of a large amount of ions derived from physico-chemical fragmentations (such as CID and ECD) and chemical/biochemical cleavages (e.g. by trypsin, GluC and CNBr). PolyCut can analyse (tandem) m/z spectra generated from both top-down and bottom-up approaches in positive-or negative-ion modes for ions containing any heavy elements and any modifications with fixed-charges. However, it is designed to analyse experimental isotope patterns with isotope peak resolution at 50% peak height or below, no matter whether the signal is detected by high-resolution FTICR, Orbitrap and TOF spectrometers, or low-resolution Ion-Trap spectrometers. With isotope peaks resolved above 50% peak height, the entire experimental isotope pattern will be regarded as a single isotope peak and no analysis can be proceeded.
The potential of PolyCut is demonstrated in X (more) via its performance in making assignment matches for fragmented/digested ions. Its predictions will be compared to visual analyses (and also e.g. Mascot) with different examples. Give a figure of overlay as an example.
The programme:
(a) searches for the most intense peak (not the mono-isotopic peak) within an isotope pattern;
(b) searches for m/z values, not mass values;
(c) considers the entire isotope pattern and does not perform deconvolution nor does it 'de-isotope' the patterns; (g) can be applied to top-down m/z spectra.
Users are required to impose the following conditions: (c) cannot be applied for sequencing (including de novo sequencing) and protein identification and will not search for a sequence from any database.
Mention the problem of 'MS1 master scan'. PolyCut cannot adapt files created by Data Dependent Acqusition.
ESI-TOF experiments.
ESI-FTICR experiments.
Conclusion
The new programme 'PolyCut' has been developed to overcome the difficulties discussed in the introduction section:
(a) It simulates full isotope patterns of all theoretical ions according to user-defined protein sequence, charge states, and the site plus the mechanism of fragmentation or digestion. Can be applied to oligopeptide, oligonucleotide, oligosaccharide, lipid, PNA, glycopeptide, glycolipid, peptoid.
Emphasize in introduction all PolyCut function: why made them?
PolyCut not for sequencing. MSn spectra contains no sequencial information anyway.
To best of knowledge, this is the first programme handling low mono-transition metal with oxidation states, for metallomics and metalloproteomics.
Not necessarily following the natural abundance.
Designed for working offline.
Mechanism scanner.
Distinguish two or more overlapping isotope patterns of individual species.
Can behave as simulator for isotope patterns also for various MS1 ions, MSn ions, with recognition of fixed charges. 
